Introduction
Dural arteriovenous fistulas (DAVFs) of transverse-sigmoid (T-S) sinus may present with pulsatile tinnitus, bruit, headache, visual impairment, and dementia.
Furthermore, DAVFs with retrograde leptomeningeal venous drainage can cause venous congestion resulting in neurological deficits due to brain edema, hemorrhage, and/or ischemia [1, 2, 3] . We describe herein a case with T-S sinus DAVFs that presented with serious edema in the cerebellar hemisphere and brainstem. We also measured apparent diffusion coefficient (ADC) values at magnetic resonance imaging (MRI) to evaluate serious edema before and after endovascular treatment.
Case report
A 65-year-old woman initially complained of mild headache and vertigo 1 month before admission in our hospital. The patient was admitted to another hospital for progressive mental and gait disturbance and transferred to our hospital one week later after MRI had revealed a hemorrhagic lesion in the left temporal lobe and edema in the brainstem and left cerebellar hemisphere.
Neurological examination showed cerebellar syndrome and mild confusion.
The patient was examined with a 1.5-T MR system (Signa Horizon; GE Medical Systems, Milwaukee, Wis). T1-weighted (repetition time msec/echo time msec, 400/8), T2-weighted (3500/100), and diffusion-weighted images (DWI) were obtained.
The pulse-sequence for DWI was a single-shot, spin-echo echo-planar imaging sequence (1600/107; slice thickness 7.5 mm, field of view 24×24 cm, matrix 128× (Fig. 4) . T2-weighted MRI 1 week later revealed an improvement of edema in the brainstem (Fig. 5) . The patient was discharged with no neurological deficits 2 weeks after endovascular surgery.
Discussion
-5-Intracranial DAVFs account for 10-15% of all intracranial arteriovenous lesions [5] . Venous sinus thrombosis and trauma has been associated with intracranial DAVFs [1] . However, the exact mechanism for this formation has not as yet been described in detail. Intracranial DAVFs Djindjian et al. [6] The pathophysiology of venous stroke remains obscure. Obstruction of venous flow is thought to result in raised intracranial pressure and decreased cerebral blood flow, subsequently leading to venous infarction [7] . Increased venous pressure may cause breakdown of the blood-brain barrier and reversible vasogenic edema or may cause reduced cerebral blood flow and irreversible cytotoxic edema -6- [8] . In venous stroke, perfusion of the affected brain tissue might still be possible at lower flow rates, if the blood is drained through collateral pathways [7] . With such flow conditions, however, swollen cells might be functionally but not irreversibly damaged and therefore have a potential for recovery [7, 9] . Hurst et al. [10] have examined the prevalence and features of DAVFs in patients with progressive dementia or encephalopathy. The potential for recurrent and possibly permanent ischemic damage indicated an aggressive approach to closure of these lesions to relieve excessive venous pressure. They concluded that venous hypertensive encephalopathy resulting from a DAVF should be considered a potentially reversible cause of vascular dementia in patients with progressive cognitive deficits.
ADC values can distinguish the type of edema between cytotoxic and vasogenic edema [11, 12] . Decreased ADC results from restricted diffusion by intracellular water accumulation (i.e., cytotoxic edema). In contrast, increased ADC results from free diffusion by increased extracellular space (i.e., vasogenic edema).
ADC values represent only the diffusion coefficient and there could in fact be bio-energetic compromise (i.e. cytotoxic changes) co-existing with the vasogenic edema formation [8, 11, 13] . It has been reported that both vasogenic and/or cytotoxic edema occur in the setting of venous stroke by ADC values [8, 13] . Lo et al. [14] reported DWI and ADC map of spontaneous venous infarction and cortical hemorrhage complicating DAVF. In the case, DWI and ADC map 2hour after transarterial embolization showed cytotoxic edema and ADC decline distributed in a nonterritorial pattern in the unilateral cerebral hemisphere. However, to our knowledge, there has been no report of serial changes of ADC values of the area of edema due to DAVFs before and after endovascular treatment. Post-embolization left common carotid artery angiogram (lateral view) showed no dural arteriovenous fistulas.
-11- T2-weighted MRI at 1 week after treatment revealed reduction of hyperintense lesion in the brainstem.
